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Abstract: The effects of cobalt (Co) stress on seedling vigor, photosynthetic pigment content, biochemical constituents, mineral
status, and the activity of antioxidant enzymes in Raphanus sativus L. were studied. The plants were raised in earthen pots containing
-1
soils amended with different concentrations of Co (50, 100, 150, 200, and 250 mg kg ). Growth parameters (root and shoot
length, and total leaf area), photosynthetic pigments content (chlorophyll a, chlorophyll b, and total chlorophyll), biochemical
constituents (total sugar, amino acid, and protein content), mineral content (macro- and micronutrients), and the activity of
antioxidant enzymes (catalase (CAT), peroxidase (POX), and polyphenol oxidase (PPO)) were analyzed 30 days after sowing (DAS).
-1
All measures increased at the 50 mg Co kg soil level when compared to the control. Further increases in the Co level (100-250
mg kg-1 soil) had a negative effect on these parameters.
Key Words: Antioxidants, cobalt, growth, Raphanus sativus, biochemicals, mineral

Kobalt Stresine Maruz Kalm›ﬂ Turp (Raphanus sativus L.) Bitkisinin Büyüme,
Biyokimyasal ‹çerik ve Antioksidant Potansiyelinde De¤iﬂiklikler
Özet: Kobalt stresine maruz kalmıﬂ Raphanus sativus L. Fidelerinin fotosentetik pigment muhtevası, biyokimyasal içerikler,
mineraller ve antioksidant enzim aktiviteleri çalıﬂılmıﬂtır. Bitkiler farklı kobalt konsantrasyonlarında (50, 100, 150, 200 ve 250 mg
-1
kg ) yetiﬂtirilmiﬂtir. Tohum ekiminden 30 gün sonra kök ve gövde uzunlu¤u, toplam yaprak yüzeyi, fotosentetik pigmentler, klorofil
‘a’, klorofil ‘b’ ve toplam klorofil muhtevası, toplam ﬂeker, aminoasit ve protein muhtevası gibi biyokimyasal analizler, makro ve
mikro besin gibi mineral içerikleri ve katalaz (CAT), peroksidaz (POX) ve polifenol oksidaz gibi antioksidant enzim aktiviteleri
incelenmiﬂtir. Bütün büyüme parametreleri, pigment muhtevası, biyokimyasal içerik, mineral durumları ve antioksidant enzim
-1
aktiviteleri, topraktaki Co dengesi 50 mg kg ’da verimli oldu¤u görülmüﬂtür. Kobalt seviyesinin daha fazla artı¤ında ise bütün
parametrelerde negatif etki görülmüﬂtür.
Anahtar Sözcükler: Antioksidantlar, kobalt, büyüme, Raphanus sativus, biyokimyasallar, mineraller

Introduction
Large areas of land are contaminated with heavy
metals due to natural processes, particularly lithogenic
and pedogenic, as well as anthropogenic factors, such as
industrial activity, mining, sewage, and traffic. The
concentration of heavy metals in air, water, and soil can
be hazardous to living organisms. Excessive metal
concentrations in contaminated soil can result in
decreased soil microbial activity and soil fertility, and yield
losses (1). Heavy metals can create a major ecological
crisis since they are non-degradable, are often

accumulated in plant tissue, and are further biologically
magnified through tropic levels to the point that they can
ultimately cause a deleterious effect. As a response to the
toxic action of metals various protective mechanisms have
been generated in plants (2).
Cobalt (Co) is not classified as an essential element for
plants; however, it is usually described as beneficial (3).
Certain plant species have the ability to extract metals
(such as Co) from soil, thus reducing their hazardous
effects in the environment. Co is known to cause
irreversible damage to a number of vital metabolic
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constituents, plant cell walls, and cell membranes. While
it has been known for many years that Co is an essential
element for humans, animals, and prokaryotes, a
physiological function for this element in higher plants
has not been identified. The Co-containing vitamin B12
does not occur in plants. Whereas normal Co
concentrations in plants are cited to be as low as 0.1-10
µg g-1 dry weight, its beneficial role as a trace element has
been described (3). Trace elements are necessary for
normal metabolic functions in plants, but at higher
concentrations these metals are toxic and may severely
interfere with physiological and biochemical functions (46).
In abiotic stress, the metal response will result in the
production of reactive oxygen species (ROS). Antioxidant
mechanisms, therefore, play a role in plant metal
tolerance. Generation of ROS, such as superoxide, H2O2,
and hydroxyl molecules, causes rapid cell damage by
triggering a free-radical chain reaction (7). Plants under
stress produce some defense mechanisms to protect
themselves from the harmful effects of oxidative stress.
ROS scavenging is one of the common defense responses
against abiotic stresses (8). ROS scavenging depends on
the detoxification mechanism provided by an integrated
system of non-enzymatic reduced molecules, including
ascorbate, and enzymatic antioxidants, such as catalase
(CAT), ascorbate peroxidase (APX), glutathione reductase
(GR), superoxide dismutase (SOD), polyphenol oxidase
(PPO), and peroxidase (POX) (9,10). The pathways of
antioxidant defense include the water-water cycle in
chloroplasts and the ascorbate-glutathione cycle (11).
Antioxidant mechanisms may provide a strategy to
enhance metal tolerance in plants.
The present research aimed to study the effects of Co
stress on growth, biochemical constituents, and mineral
status of Raphanus sativus L., with specific emphasis on
the activity of antioxidant enzymes, which are part of the
defense mechanism for any type of abiotic stress.

Materials and Methods
Plant Materials and Cultivation
Radish seeds (Raphanus sativus L.) were obtained
from Tamil Nadu Agricultural University, Tamil Nadu,
India, and surface sterilized with 0.1% HgCl2 solution for
1 min with frequent shaking, and then were thoroughly
washed with deionized water. The experiments were
128

conducted between January and April 2005. Plants were
grown in pots in untreated soil (control) and in soil to
which various concentrations of Co had been added (50,
100, 150, 200, and 250 mg kg-1 soil). The inner surfaces
of the pots were lined with a polythene sheet. Each pot
contained 3 kg of air-dried soil. The Co, finely powdered
(CoCl2), was added to the surface soil and thoroughly
mixed with the soil. In each pot 5 seeds were sown. All
the pots were watered to field capacity daily. Plants were
thinned to a single plant per pot 1 week after
germination. Each treatment, including the control, was
replicated 6 times. The plant samples were collected 30
days after sowing (DAS) for the measurement of various
growth parameters, biochemical constituents, mineral
status, and the activity of antioxidant enzymes.
Morphological Parameters
Morphological parameters, including shoot and root
length, were measured in the samples. Total leaf area was
calculated with a LICOR photoelectric area meter (Model
LI-3100, Lincoln, NE, USA).
Biochemical Analysis
Biochemical analysis to quantify chlorophyll (12), and
total sugar (13), amino acid (14), and protein (15) were
carried out in fresh samples.
Nutrient Content Estimations
Estimation of total nitrogen (16)
We placed 100 mg of dried materials in Kjeldahl flasks
and 5 ml of a salicylic-sulfuric acid mixture (5 g of salicylic
acid in 100 ml of concentrated sulfuric acid) was added.
The flask was rotated to mix and allowed to stand for 30
min. Approximately 0.3 g of sodium thiosulfate was
added and the resulting mixture heated gently until fumes
appeared. Then 5 ml of concentrated sulfuric acid and
approximately 0.1 g of catalyst mixture (copper sulfate,
potassium sulfate, and selenium dioxide mixed in the ratio
of 1:8:1) were added. Digestion was performed at low
heat until frothing stopped and fumes of sulfuric acid
freely evolved. After 5-10 min, heat was increased so that
the acid boiled and condensed one third of the way up the
neck of the flask. Digestion was continued for at least 3
h, until the digest had become colorless. Upon completion
of the digestion, the flask was cooled, and 20 ml of water
was added. The flask was again cooled, the contents were
transferred into a 50 ml volumetric flask, and the volume
was made up with distilled water.
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Distilled water was boiled in the flask and clips were
kept closed and opened, respectively, when steam passed
through the funnel; the funnel was washed twice with 1
ml of water each time. The ground glass stopper was
replaced and 8 ml of 40% sodium hydroxide was added
through the funnel. The lower end of the condenser was
kept submerged in 5 ml of 2% boric acid, a few drops of
mixed indicator (6 ml of methyl red solution, 0.16% in
95% alcohol) and 12 ml of bromocresol green (0.04% in
water) were mixed, and 6 ml of 95% alcohol was added
to the mixture contained in a 50 ml conical flask. When
steam issued freely through the tube, the clip was closed
and the ground glass stopper was lifted to allow sodium
hydroxide to run into the digest. The stopper was
immediately replaced and distillation continued until 30
ml of distillate was collected. After a few milliliters of
liquid had distilled over, the end of the condenser was
raised above the level of boric acid. Heating was stopped
after distillation was completed so that the liquid in the
distillation chamber was automatically sucked into the
jacket. A few milliliters of water was added through the
funnel, and the stopper was replaced. This liquid in the
jacket was allowed to run as waste by opening the clip.
The apparatus was then ready for the next distillation.
The whole distillate was titrated against standard 1/28
hydrochloric acid solution just until the pink color
reappeared. Blank digestion, distillation, and titration
were performed using all the reagents, without a plant
sample. The percentage of total nitrogen was calculated
by the following formula:
Percentage of nitrogen = (T - B) × 5 × N × 1.4/S
where
T = Sample titrated (ml)
B = Blank titrated (ml)
N = Normality of hydrochloric acid
(1/28 = 0.0357142)
S = Weight of plant material (g)
Aliquot factor = 5
Estimation of phosphorus (17)
One gram of dried and ground plant tissue was
digested with 10 ml of acid mixture (750 ml of nitric
acid, 150 ml of sulfuric acid, and 300 ml of 60%
perchloric acid). The digest was cooled and made up to a
volume of 50 ml with water and filtered through acid
washed Whatman No. 1 filter paper. One milliliter of

digest was mixed with 2 ml of 2 N nitric acid and diluted
to 8 ml. One milliliter of molybdovanadate reagent (25 g
of ammonium molybdate in 500 ml of water and 1.25 g
of ammonium vanadate in 500 ml of 1 N nitric acid; both
were mixed in equal volumes) was added, made up to 10
ml, shaken, and the absorbance was measured at 420 nm
in a spectrophotometer after standing for 20 min. A
standard graph was prepared using potassium
dihydrogen phosphate.
Estimation of potassium (18)
Dried and ground tissue weighing 0.5 g was digested
in 100-ml Kjeldahl flasks using 15 ml of concentrated
nitric acid, 0.5 ml of 60% perchloric acid, and 0.5 ml of
concentrated sulfuric acid. Digestion was continued until
the nitric and perchloric acids were driven off. The
inorganic residue was cooled and diluted with 15 ml of
distilled water and filtered through Whatman No. 42
filter paper. The filtrate was made up to a volume of 50
ml with distilled water. The filtrate was used for
potassium estimation by flame photometer and standards
were prepared with potassium chloride.
Estimation of copper, iron, manganese, and zinc
(19)
One milliliter of sulfuric acid and 15 ml of double
distilled water were added to a Kjeldahl flask containing
0.5 g of dried and powdered material, which was then
incubated at 80 °C overnight. Then, 5 ml of acid mixture
(3:1 nitric acid to perchloric acid) was added and digested
until the nitric acid and perchloric acid were driven off.
The digest was cooled, diluted, filtered through Whatman
No. 42 filter paper, and made up to 50 ml. The solution
was directly aspirated to an atomic absorption
spectrophotometer (Perkin Elmer 2280) that had an
air/acetylene flame for estimating copper, iron,
manganese, and zinc.
Antioxidant Enzymes
Catalase (CAT) (EC 1.11.1.6) activity was measured
as described by Chandlee and Scandalios (20), with some
modification. We homogenized 0.5 g of frozen plant
material in a prechilled pestle and mortar with 5 ml of ice
cold 50 mM sodium phosphate buffer (pH 7.5) containing
1 mM phenylmethylsulfonyl fluoride (PMSF). The extract
was centrifuged at 4 °C for 20 min at 12,500 rpm. The
supernatant was used for enzyme assay. The assay
mixture contained 2.6 ml of 50 mM potassium phosphate
buffer (pH 7.0), 400 µl of 15 mM H2O2, and 40 µl of
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enzyme extract. The decomposition of H2O2 was followed
by a decline in absorbance at 240 nm.
Peroxidase (POX; EC 1.11.1.7) was assayed according
to Kumar and Khan (21). The assay mixture of POX
contained 2 ml of 0.1 M phosphate buffer (pH 6.8), 1 ml
of 0.01 M pyrogallol, 1 ml of 0.005 M H2O2, and 0.5 ml
of enzyme extract. The solution was incubated for 5 min
at 25 °C and then the reaction was terminated by adding
1 ml of 2.5 N H2SO4. The amount of purpurogallin
formed was determined by measuring the absorbance at
420 nm against a blank prepared by adding the extract
after the addition of 2.5 N H2SO4 at zero time. The
activity was expressed in unit mg-1 protein. One unit (U)
is defined as the change in the absorbance by 0.1 min-1
mg-1 protein.
Polyphenol oxidase (PPO; EC 1.10.3.1) activity was
assayed as described by Kumar and Khan (21). The assay
mixture for PPO contained 2 ml of 0.1 M phosphate
buffer (pH 6.0), 1 ml of 0.1 M catechol, and 0.5 ml of
enzyme extract. This was incubated for 5 min at 25 °C,
after which the reaction was stopped by adding 1 ml of
2.5 N H2SO4. The absorbency of the purpurogallin formed
was read at 495 nm. To the blank, 2.5 N H2SO4 was
added at zero time to the same assay mixture. PPO
activity was expressed in U mg-1 protein (U = change in
0.1 absorbance min-1 mg-1 protein). The enzyme protein
was estimated according to Bradford (15) for expressing
all the enzyme activities.

multiple range test (DMRT). The values are presented as
mean ± SD for 6 samples in each group. P values ≤ 0.05
were considered significant.

Results
Seedling Vigor
The root and shoot length of R. sativus plants under
Co treatment 30 DAS are presented in Table 1. The root
and shoot length of R. sativus decreased as the
concentration of Co in the soil increased (except in the 50
mg Co kg-1 soil treatment). The highest root and shoot
length value of R. sativus was observed at 50 mg Co kg-1
soil 30 DAS, and lowest was observed at 250 mg Co kg-1
soil 30 DAS. Total leaf area of R. sativus plants increased
at 50 mg Co kg-1 soil and decreased at higher levels (100250 mg Co kg-1 soil).
Biochemical Constituents
Photosynthetic pigments, such as chlorophyll a,
chlorophyll b, and total chlorophyll content of R. sativus
leaves increased at the lowest Co concentration (50 mg
kg-1 soil) (Figure 1). Total sugar, amino acid, and protein
content (Figure 2) of R. sativus increased at 50 mg Co kg1
soil and decreased when the Co concentration increased
further (100-250 mg kg-1 soil).

Nutrients
-1
Macronutrients (mg g dry wt.)

Statistical Analysis
Statistical analysis was performed using one-way
analysis of variance (ANOVA), followed by Duncan’s

Nitrogen, phosphorus, and potassium content in the
leaves of R. sativus plants are presented in Table 2.

Table 1. The effect of cobalt on morphological parameters of R. sativus.

Cobalt added to
-1
the soil (mg kg )
Control

Root length
(cm plant-1)

Shoot length
(cm plant-1)

Total leaf area
(cm2 plant-1)

24.52 ± 0.73a

10.42 ± 0.31a

b

b

50

30.14 ± 0.90

100
150

58.72 ± 1.76a
b

11.44 ± 0.34

64.44 ± 1.93

22.43 ± 0.67a

08.45 ± 0.25c

55.35 ± 1.66c

c

19.61 ± 0.58

d

07.19 ± 0.21

47.16 ± 1.41d

200

16.39 ± 0.49c

06.74 ± 0.20e

39.67 ± 1.19e

250

d

f

13.62 ± 0.40

05.93 ± 0.17

f

31.45 ± 0.94

Values are given as the mean ± SD of 6 experiments in each group. Bar values not sharing a common superscript (a,b,c,d,e,f) differ significantly at
P ≤ 0.05 (DMRT).
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0.6

a a b

c

d
e

d
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0.2

c

e

f

a b a
c c d

mg g-1 Fresh weight

mg g-1 Fresh weight

0.8

b
a
b

b

3

a

2

a
c

c

c

d
d

d

e

e

e

f

f
f

1
0

0
Chlrophyll ‘a’
Control

50

Chlrophyll ‘b’

Total chlrophyll

100

200

150

sugar

250

Figure 1. Cobalt induced changes in photosynthetic pigment content
of R. sativus. Values are given as the mean ± SD of 6
experiments in each group. Bar values not sharing a
common superscript (a, b, c, d, e, f) differ significantly at P
≤ 0.05 (DMRT).

protein

aminoacid

Control

50

100

150

200

250

Figure 2. Cobalt induced changes in biochemical parameters of R.
sativus. Values are given as the mean ± SD of 6 experiments
in each group. Bar values not sharing a common superscript
(a, b, c, d, e, f) differ significantly at P ≤ 0.05 (DMRT).

Table 2. The effect of cobalt on mineral content of R. sativus.

Cobalt
-1
(mg kg )

N

P

K

Cu

Fe

mg g-1 DW

Mn

Zn

µg g-1 dry weight

0

31.2 ± 0.95

8.4 ± 0.24

40.3 ± 1.20

27 ± 0.81

736 ± 22.08

41 ± 1.23

58 ± 1.74

50

34.5 ± 1.01

9.7 ± 0.28

43.1 ± 1.29

29 ± 0.87

785 ± 23.55

43 ± 1.29

61 ± 1.83

100

30.4 ± 0.91

7.6 ± 0.23

37.2 ± 1.12

24 ± 0.72

713 ± 21.39

38 ± 1.14

56 ± 1.68

150

28.8 ± 0.86

6.8 ± 0.20

35.5 ± 1.06

21 ± 0.63

675 ± 20.25

34 ± 1.02

52 ± 1.56

200

26.5 ± 0.79

6.1 ± 0.18

33.3 ± 1.01

17 ± 0.51

634 ± 19.02

32 ± 0.96

47 ± 1.41

250

24.0 ± 0.72

5.7 ± 0.17

31.0 ± 0.93

14 ± 0.42

592 ± 17.76

29 ± 0.87

42 ± 1.29

Values are given as the mean ± SD of 6 experiments in each group.

Nitrogen, phosphorus, and potassium contents of leaves
were highest at 50 mg Co kg-1 soil and decreased as soil
cobalt concentrations increased. The lowest nitrogen,
phosphorus, and potassium contents of R. sativus leaves
were recorded at 250 mg Co kg-1 soil.

concentration decreased CAT activity. POX and PPO
activity in leaves were highest at 250 mg Co kg-1 soil and
were lowest at 50 mg Co kg-1 soil (Figure 3). These
enzymatic studies showed that with increasing metal
concentration POX and PPO activity increased.

Micronutrients (µg g-1 dry wt.)
Copper, iron, manganese, and zinc contents of the
leaves of R. sativus plants are presented in Table 2.
Maximum copper, iron, manganese, and zinc contents of
R. sativus leaves were recorded at 50 mg Co kg-1 soil. The
minimum copper, iron, manganese, and zinc contents of
R. sativus leaves were observed at 250 mg Co kg-1 soil.
Antioxidant enzyme activities
-1
Leaf CAT activity was highest at 50 mg Co kg soil,
and it was lowest at 250 mg Co kg-1 soil. Increased Co

Discussion
Seedling Vigor
Root and shoot length of R. sativus plants decreased
as Co level in the soil increased (Table 1). Root and shoot
length were greatest at 50 mg Co kg-1 soil. A similar
decrease in plant height was previously reported in nickel
treated plants (6,22). Co at high levels may inhibit root
and shoot growth directly by inhibiting cell division or cell
elongation, or a combination of both, resulting in limited
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0.8

Units g-1 protein

0.7
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c d
e

0.6
0.5
0.4
0.3

c c
a b a a

0.2

c c
a a b b

0.1
0
CAK
Control

PPO

POX
50

100

150

200

250

Figure 3. Cobalt induced changes in the activity of antioxidant
enzymes of R. sativus. Values are given as the mean ± SD of
6 experiments in each group. Bar values not sharing a
common superscript (a, b, c, d, e, f) differ significantly at P
≤ 0.05 (DMRT).

exploration of the soil volume for uptake and
translocation of nutrients and water, inducing mineral
deficiency (23).
In general, leaf area of R. sativus decreased with
increased Co content of the soil; however, it increased at
50 mg Co kg-1 soil (Table 1). Similar reductions in total
leaf area due to lead (24), nickel (25,27), and chromium
(26) have been observed. The decrease in leaf area at
higher concentrations of Co could be attributed to either
a reduction in the number of cells, as reported by Nieman
(28) in the leaves of Phaseolus vulgaris, or to a reduction
in cell size (29).
Biochemical Constituents
Photosynthetic pigments, such as chlorophyll a and b,
and total chlorophyll content of R. sativus decreased with
increasing Co levels in the soil (Figure 1). Similar changes
in these contents by various metal treatments have been
previously recorded (30). The increased chlorophyll
content at the lowest level of Co was obviously due to
better growth.
Excessive Co treatment brought about a marked
decrease in the quantity of photosynthetic pigments in the
radish plants. Excessive Co might interfere with the
synthesis of chlorophyll. The formation of chlorophyll
pigment depends on the adequate supply of iron (31).
Granick (32) has suggested that protoporphyrin is a
precursor of chlorophyll synthesis. An excessive supply of
Co seems to prevent the incorporation of iron into the
protoporphyrin molecule, resulting in the reduction of
chlorophyll pigment. This is strengthened by the fact that
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excessive amounts of a range of heavy metals, such as
copper (33), cobalt (4), and nickel (34), have been shown
to induce chlorosis in plants similar to the chlorosis of
iron deficiency. Impaired chlorophyll development due to
heavy metals may be the result of interference with
protein; the treatments presumably blocked the synthesis
and activity of enzyme proteins responsible for
chlorophyll biosynthesis.
The sugar content of radish plants decreased with
increased Co in the soil (Figure 2); however, the 50 mg
Co kg-1 soil treatment produced a positive effect on the
total sugar content, which is in agreement with the
findings reported by Swamy and Theresa (35) in
Phaseolus mungo. Total sugar decreased with increased
Co level. This response is similar to that observed by
Greger and Lindberg (36) in sugar beets. Considerable
change in the physiological effect has been observed in
crops grown in soil contaminated with even a moderate
level of metals (37).
Co levels above 50 mg kg-1 soil significantly reduced
the amino acid and protein content in the leaves of R.
sativus (Figure 2). Nitrogen is a precursor for the
synthesis of amino acids (38). Since the nitrogen content
of the metal treated plants was reduced, ultimately,
amino acids and protein contents of the plants were also
reduced (39) because there was only limited availability of
nitrogen for the synthesis of amino acids. Nag et al. (40)
observed similar trends in rice due to heavy metals, like
copper, zinc, mercury, lead, and cadmium. Further
increases in Co level decreased the amino acid and protein
content. This is supported by the findings reported by
Stiborova et al. for copper, zinc, cadmium, mercury, and
lead (41), by Kastori et al. for lead, cadmium, copper,
and zinc, (42), and by Bhattacharjee and Mukherjee for
cadmium and lead (43).
-1
Macronutrients (mg g dry wt.)

Nitrogen content of R. sativus decreased as the cobalt
level in the soil increased (Table 2); however, plants
grown in 50 mg Co kg-1 soil had higher nitrogen content
than controls. The reduction in nitrogen content under
cobalt treatment was comparable with the results
reported by Rother et al. (44) for cadmium, lead, and
zinc treatment. Gomes et al. (45) emphasized that heavy
metals sharply decrease NO3 uptake by roots,
incorporation of nitrogen into organic compounds, and
translocation of nitrogen to leaves.
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Phosphorus content of R. sativus plants decreased
with increased cobalt content in the soil (except 50 mg Co
kg-1 soil). Excess trace elements usually affect the mineral
nutrition of plants (46). Metal toxicity may affect certain
elements more than other abiotic stresses and cause
interactions among elements (47). In the present study
the phosphorus content in the leaves of R. sativus plants
decreased due to cobalt stress.
Cobalt levels above 50 mg kg-1 soil significantly
reduced the potassium content in leaves of R. sativus
plants. Heavy metal toxicity is generally associated with
reduced absorption and accumulation of potassium (48).
Potassium, one of the essential macronutrients taken up
by roots, is generally transported to shoots through the
xylem and this transport seems to be controlled by shoot
growth (49). Decreased potassium content in R. sativus
due to cobalt may have been the result of the toxic effect
of cobalt on plant growth or competition by other ions,
which in turn exercised a regulatory control on potassium
uptake.
Micronutrients (µg g-1 dry wt.)
Increased cobalt content in the soil significantly
decreased the copper content in R. sativus leaves;
however, the lowest level of cobalt (50 mg kg-1 soil)
increased copper content (Table 2). The decrease in
copper content of the plant tissues studied can be
explained, to some extent, by the close association of
copper and nitrogen ligands (50). It has been reported
that there is a close parallel relationship in the movement
of copper and nitrogen in plants (51). In the present
investigation the decrease in the copper content of leaves
paralleled the decrease in nitrogen and potassium.
Iron content of R. sativus plants decreased with an
increase in cobalt content in the soil (Table 2). These
results are in agreement with the results of nickel
treatment (22). Wallece and Abou-Zam Zam (52) found
that the inhibition of iron absorption was due to the
presence of interfering ions in iron absorbing sites. Their
efficient translocation appears to depend on chelation or
complexing by organic acids in the plant.
Manganese and zinc content in the leaves of R. sativus
plants under cobalt treatment decreased gradually with
increased cobalt levels in the soil (Table 2); however,
plants treated with 50 mg Co kg-1 soil exhibited increased
manganese and zinc content in their leaves. The observed

decreases in the concentration of manganese and zinc are
in accordance with the findings reported by Lidon and
Henriques (49) in copper treatment and by Moral et al.
(53) in cadmium treatment.
Antioxidant Enzymes
CAT activity was lower at high concentrations of Co
(100-250 mg kg-1 soil) compared to the control and the
lowest level of Co (50 mg kg-1 soil) (Figure 3). POX and
PPO activity increased with an increase in the Co level of
soil (except at 50 mg Co kg-1 soil). This can be compared
to earlier reports by Seliga (54), Savour et al. (55), and
Chen et al. (56).
To endure oxidative damage under conditions that
contribute to increased oxidative stress, such as high/low
temperatures, water deficit, and salinity, plants must
possess an efficient antioxidant system (57). Plants
possess antioxidant systems in the form of enzymes, such
as SOD, APX, POX, PPO, CAT, and metabolites viz.,
ascorbic acid, glutathione, a-tocopherol, carotenoid,
flavonoids, etc. (58). ROS scavenging is important in
imparting tolerance to oxidative stress. It may be
presumed that enhancement of the antioxidative system
favors stress resistance (7). PPO is thought to be
ubiquitous in the plant kingdom and they are primarily
associated with enzymatic browning and off-flavor
generation. Increasing evidence suggests that drought
induces oxidative stress in various plants, in which ROS,
•-such as the superoxide radical (O2 ), hydroxy radical
•
•
( OH), H2O2, and alkoxy radical (RO ), are produced (9).
The toxic superoxide radical has a half-life of less than 1
s and is usually rapidly dismutated by SOD to H2O2, a
product that is relatively stable and can be detoxified by
CAT and POX. These metalloenzymes constitute an
important primary defense of cells against superoxide
free radicals generated under stress conditions and,
thereby, increased activity is known to confer oxidative
stress tolerance (11). These antioxidant enzymes and
metabolites are reported to increase under various
environmental stresses (59), and with the application of
fungicide, triadimefon (60), and salt treatment (61,62) in
medicinal plants, suggesting that higher antioxidant
enzyme activity may have a role in imparting tolerance
against any type of environmental stress.
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Conclusion

Corresponding author:

Co treatment at all levels tested (except 50 mg kg-1
soil) decreased the various growth parameters, such as
root and shoot length, and total leaf area, biochemical
contents (pigment, sugar, starch, amino acid, and
protein), mineral status of leaves (macro- and
micronutrients), and antioxidant enzyme activity (CAT) of
R. sativus plants. However, antioxidant enzymes (POX
and PPO) increased with an increase in the Co level of
soil. Based on the present investigation, it can be
concluded that the 50 mg Co kg-1 soil treatment was
beneficial to the growth of R. sativus plants.
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